We present very low temperature (0.15 K) scanning tunneling microscopy and spectroscopy experiments in the layered superconductor LaSb2. We obtain topographic microscopy images with surfaces showing hexagonal and square atomic size patterns, and observe in the tunneling conductance a superconducting gap. We find well defined quasiparticle peaks located at a bias voltage comparable to the weak coupling s-wave BCS expected gap value (0.17 meV). The amount of states at the Fermi level is however large and the curves are significantly broadened. We find Tc of 1.2 K by following the tunneling conductance with temperature.
INTRODUCTION
LaSb 2 is a layered rare-earth diantimonide which crystallizes in the layered orthorhombic SmSb 2 structure [1] [2] [3] . La/Sb bi-layers of triangular prims alternate with two dimensional (2D) sheets of Sb as shown in Fig.1 . The isostructural rare-earth diantimonides RSb 2 (R=La-Nd, Sm) show highly anisotropic transport properties [2] . Resistivity measurements in LaSb 2 show that the temperature dependence is stronger for a current applied parallel to the c-axis than for a current applied in-plane [2, 3] . On the other hand, susceptibility measurements show that LaSb 2 is a weakly temperature-dependent isotropic diamagnet [2, 3] . In-plane magnetoresistance measurements at low temperatures (2 K) give an anisotropy for in-plane and c-axis applied magnetic fields that is very pronounced. Moreover, the in-plane magnetoresistance is linear and does not saturate up to 45 T. LaSb 2 has been proposed as a good candidate to make high magnetic field sensors [4] . The observed linear magnetoresistance is at odds with usual magnetic field dependence of the magnetoresistance [7] . In metals, the magnetoresistance can saturate when Fermi surface is closed; remain quadratic up to high fields and then saturate when Fermi surface is open; or it can continously evolve eventually showing quantum oscillations in compensated metals with equal number of electrons and holes [5, 6] .
On the other hand, at higher temperatures, the magnetoresistance exhibits a pronounced maximum above 20 K, whose origin is yet unknown [2] . As there are no evidences for magnetic correlations in this material, the possible relationship to some sort of magnetic field induced charge density wave (CDW) has been highlighted in Ref. [2] . This possibility has been, in turn, used to try to explain the low temperature linear dependence of the magnetoresistance [4, 8] . Yet another possible explanation is a linear energy spectrum [9] . The compound LaAgSb 2 , which also shows a large positive magnetoresistance up to 18 T [10, 11] , exhibits an anomaly in the resistance around 210 K which was associated to a CDW transition [10, 12, 13] . It has been noted that other layered materials such as 2H-NbSe 2 and 2H- TaSe 2 , where CDWs open at, respectively, 30 K and 120 K, also show roughly linear magnetoresistance [14, 15] . In spite of all these hints, until now there is no evidence for CDW in LaSb 2 , including most recent optical conductivity measurements [3] .
The Fermi surface has been measured using de Haasvan Alphen oscillations in Ref. [8] . There are three Fermi surface sheets, two of them nearly two-dimensional (cylindrical along c), and one nearly spherical. All of them are very small, pointing out that LaSb 2 has a small number of carriers. Band structure calculations give further additional two bands, yet unobserved in de Haas van Alphen. Photoemission shows that Sb 5p states, hybridized with La 5d states, dominate the Fermi surface features, and that electronic properties are rather twodimensional [18] .
Among the rare earth diantimonides, LaSb 2 is unique in that it shows a superconducting state. Superconducting features are not clearly established in this material. Early reports give a very low T c of 0.4 K [19] . However, more recent electrical transport and magnetic susceptibility measurements show a very broad transition, with a fragile onset as high as 2.5 K [3, 20] . The resistance evolves then to roughly zero around 0.4 K-0.5 K. The superconducting properties exhibit strong dependence with the pressure, which reduces the anisotropy and sharpens the transition, with a T c = 2.1 K at 4 kbar [20] . Here we provide scanning tunneling microscopy and spectroscopy (STM/S) measurements in the superconducting phase of LaSb 2 . We observe the atomic lattice at temperatures down to 150 mK. We find a critical temperature of T c =1.2 K, which is within the range of the broad transition found in macroscopic measurements [3, 20] .
EXPERIMENT
We use a homebuilt STM/S system installed in a dilution refrigerator with an energy resolution in the tunneling spectroscopy of 0.15 K. This system is inserted in a vector magnetic field solenoid and has a similar construction to the one described in Ref. [21] . We use a tip prepared from a gold wire cut with a clean blade, which is cleaned in-situ [22] . Single crystals of LaSb 2 were grown from high-purity La and Sb in excess of Sb flux [23] [24] [25] . Large residual resistance ratios are found, of about 60, as in Ref. [2] . The crystals grow as plates with the c-axis perpendicular to the plates. They consist of soft Aluminiumfoil like sheets that can be peeled off by glueing a stick and pushing it. We did not find good tunneling conditions in surfaces obtained immediately after an in-situ low-temperature cleave. After heating to room temperature, we realized that this was due to loose sheets remaining on the surface giving bad tunneling conditions. By cleaving the sample at ambient and removing those loose sheets using tweezers, we were able to obtain optically flat and shiny surfaces with no loose sheets. We measured two different samples, studying about four scanning windows in different regions of sample. Of course, surface contamination cannot be totally avoided when preparing the sample at ambient conditions. However we were able to find good scanning conditions at low temperatures, with reproducible imaging, being independent of the tunneling conductance. In the topographic images, the tipsample bias voltage is fixed at 2 mV and the tunneling current remains constant while the tip is scanned over the sample surface at a tunneling conductance of order of or below a µS. The conductance vs bias voltage curves are obtained, as usual, by cutting the feedback loop and numerically differentiating the obtained current vs voltage curves [21, 26] . Tunneling conductance is normalized to one at bias voltages above one mV.
RESULTS
In Fig.2 we show atomic resolution features in the topography images taken on different surfaces of the sample at 0.15 K. We can find hexagonal and also square atomic lattice arrangements (Fig.1) . The obtained geometry is in good agreement with the cuts on the structure shown in the right panels of Fig.1 . The lattice parameters also coincide with those measured with X-ray scattering [4] . Accordingly, the surfaces showing square shapes are probably made out of Sb atoms and of La in those showing hexagonal shapes. In the left panels we show atomic resolution topography images at 0.15 K on two different LaSb2 surfaces, with (a) hexagonal and (b) square atomic sized shapes. These images are unfiltered. The corresponding Fourier transforms is given in the right panels. Middle panels are Fourier filtered images, made by filtering out everything except green circles, which show the position of the Bragg peaks due to the atomic modulation. [27] Fig .3a shows the tunneling conductance vs bias voltage and its temperature dependence. We find superconducting features with rounded quasi-particle peaks and a large conductance at zero and low bias. We could not observe clear atomic size variations of the superconducting features, as those previously measured in other compounds [16, 17, 29] . The superconducting features disappear fully into a flat tunneling conductance at about 1.2 K. At the lowest temperatures, the tunneling conductance curves show rounded quasi-particle peaks whose maximum is located at 0.17 mV. This can be fitted (red line in inset of Fig.3b ) to a density of states showing a large amount of states at the Fermi level (25% of the high bias voltage conductance) and a distribution of values of the superconducting gap, which ranges from 0.02 meV to 0.2 meV. The density of states and tunneling conductances are calculated by simply introducing a gap distribution in the BCS density of states formula, as made earlier in several superconductors showing multiband properties [16, 30, 31] ). The value for the superconducting gap ∆ expected from the weak coupling equation ∆ = 1.76k B T c for T c = 1.2K, gives ∆ =0.182 meV (highlighted with the dotted blue line in Fig.3b ). When we increase the temperature, the tunneling conductance curves can be fitted by a density of states similar to the one at lowest temperatures, but with the gap distribution gradually shifted to lower energies when increasing temperature. The temperature dependence of the quasiparticle peak position in the corresponding density of states is shown in Fig.3b , and is close to but somewhat below the BCS temperature dependence for the gap (black line in Fig.3b ).
The magnetic field dependence of the tunneling conductance is shown in top and bottom panels of Fig. 4 with the field applied perpendicular and parallel to the plane. The curves are made following the same method as in Ref. [32] . We modify the scanning window where the curves are taken on the surface to find the largest value of the gap over the sample. The magnetic field leads to an additional broadening and flat curves above the critical field. We find an anisotropic critical field with a factor of approximately 4 between the parallel and perpendicular field. Using H c2⊥ = φ 0 /2πξ 2 ⊥ and H c2 = φ 0 /2πξ ⊥ ξ we find in-plane and c-axis coherence lengths, ξ ⊥ ∼ 46 nm and ξ ∼ 10 nm. Such a high value of in-plane coherence length ξ ⊥ requires rather large flat areas comprising several 100 nm to be able to see vortices. We did not obtain such large flat areas in our experiment.
DISCUSSION AND CONCLUSIONS
First, let us remark that the atomic resolution topography images and its associated Fourier transform (see Fig.  2 ) do not show any trace of modulations different to the atomic periodicity. Therefore, we find no evidence for CDW. This does not totally rule out its existence, but likely the CDW corresponds either to large wavelength modulations of the atomic lattice, above the size of our atomic images (roughly 10 lattice constants), or it occurs along the c-axis. The tunneling conductance up to 5 mV, which is the range we have explored, is also flat, showing that there is no pseudogap like behavior in this energy range. This is relevant, because the wide resistive transition could be related pre-formed pairs or some sort of pseudogap behavior as in the cuprates [29] . The features observed here at the surface of LaSb 2 are instead those of a good metal.
Regarding superconductivity, the shape of the tunneling conductance curves measured here present strong broadening. There is a distribution of values of the superconducting gap and a large amount of states close or at the Fermi level. The critical temperature is well defined and relatively high as compared to other measurements, T c = 1.2 K. In particular, it is higher than the low temperature part of the resistive transition, which starts at about 0.4 K [19, 20] . On the other hand, upper critical magnetic fields obtained from resistivity are significantly smaller than the values reported here (0.02 T with the field applied along the c axis and 0.08 T with the field applied in plane, from resistivity [20] , and 0.15 T and 0.7 T found here). Superconducting features found in the STM tunneling conductance are more robust than in macroscopic resistance and susceptibility experiments. The observation of the atomic lattice points that the electronic properties of the surface show the intrinsic behavior of this material.
STM probes superconductivity on the very few last layers, whereas the bulk properties are influenced by the in depth coupling among layers. Bulk superconductivity is stabilized by pressure, showing sharper superconducting transitions above 2 K [20] . This suggests that the large ambient pressure resistive transition could be related to layer decoupling and stacking faults in the bulk, which is reduced by applying pressure.
It is interesting to compare these results to experiments in layered transition metal dichalchogenide material 2H-TaSe 2 , which shows an extremely small bulk critical temperature of 0.15 K [17] . On compressing layers by applying pressure, T c increases rapidly to above 1 K with some kbar [37] . In 2H-TaSe 2 , STM measurements show significantly increased critical temperature (up to 1 K) with respect to the bulk [17] . At the same time, broadened gap features appear instead of the fully gapped superconductivity observed in similar materials such as 2H-NbSe 2 [28] .
In LaSb 2 the surface superconducting properties have higher T c than the resistive transition and we also observe broadened superconducting tunneling conductance features. The comparison with the dichalchogenides suggests that surface superconducting properties can be more robust and well defined than the bulk properties in layered materials. The last layers have possibly relaxed internal strains present in the bulk, eliminating inhomogeneous behavior observed in macroscopic properties.
We should note that, although the last layers show a single clean transition, the high amount of states close to the Fermi level points to anomalous superconducting properties. Its origin remains unclear, and they could be related to pair breaking effects due to disorder or coupling to nearby layers or regions with different superconducting properties. The broadened quasiparticle peaks show a wide distribution of values of the superconducting gap, mostly below the expected BCS value. This is compatible with multigap scenarios observed in two-band superconductors in layered materials [16, 31, [33] [34] [35] [36] . Multiband or multigap superconductivity can be expected within the Fermi surface features of LaSb 2 [8] .
The appearance of stronger superconductivity at the surface suggests on the other hand that few or single layer systems could show superconducting properties. The fabrication of few layer sheets of LaSb 2 and similar compounds should be feasible, as they are easily peeled off and have a shape which is very similar to transition metal dichalchogenides. In the latter case, single layers have been synthesized already, showing in some cases superconducting correlations [17, [38] [39] [40] . LaSb 2 belongs to the family of RSb 2 , where R is a rare earth [2] . All compounds of the series appear in form of similarly shaped layered crystals. Having a rare earth in the crystal structure, they can lead to further interesting superconducting and magnetic properties not found in transition metal dichalchogenide layers.
In summary, we have observed the crystalline structure of LaSb 2 by means of atomic resolution STM measurements. The atomic lattice images at 0.15 K do not show signatures of charge density wave. In the tunnelling conductance curves, we observe broadened superconducting features disappearing at 1.2 K. The observed behavior can be related to the layered structure. We would like to highlight the remarkable combination of high purity samples, as seen in the residual resistance ratio, and superconducting features that are more robust and better defined at the surface. 
